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Abstract 
Open Building Manufacturing (ManuBuild) aims to promote the European construction 
industry beyond the state of the art. However, this requires the different stakeholders to be 
well informed of what ‘Open Building Manufacturing’ actually entails with respect to 
understanding the underlying concepts, benefits and risks.  This is further challenged by the 
‘traditional ways of learning’ which have been predominantly criticised for being entrenched 
in theories with little or no emphasis on practical issues.  
Experiential learning has long been suggested to overcome the problems associated with 
the traditional ways of learning. In this respect, it has the dual benefit of appealing to adult 
learner's experience base, as well as increasing the likelihood of performance change 
through training. On-the-job-training (OJT) is usually sought to enable ‘experiential’ learning; 
and it is argued to be particularly effective in complex tasks, where a great deal of 
independence is granted to the task performer. However, OJT has been criticised for being 
expensive, limited, and devoid of the actual training context. Consequently, in order to 
address the problems encountered with OJT, virtual reality (VR) solutions have been 
proposed to provide a risk free environment for learning without the ‘do-or-die’ 
consequences often faced on real construction projects. 
Since ManuBuild aims to promote the EU construction industry beyond the state of the art; 
training and education therefore needs also to go beyond the state of the art in order to meet 
future industry needs and expectations. Hence, a VR interactive learning environment was 
suggested for Open Building Manufacturing training to allow experiential learning to take 
place in a risk free environment, and consequently overcome the problems associated with 
OJT. This chapter discusses the development, testing, and validation of this prototype. 
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Background 
Industrial Context 
The EU construction sector is one of the largest industrial employers in the European Union, 
encompassing more than 2 million enterprises with about 12 million employed. Hence, this 
represents a significant importance to the European economy with a Gross Domestic Product 
(GDP) contribution of 9.8%, and European employment with an overall employment rate of 
7.1% of the European workforce (Business Watch, 2005).  The EU construction industry is 
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however constantly facing challenges, not least, it has been criticised for its poor performance 
compared to other sectors/ industries. Moreover, it is argued that construction firms often pass up 
opportunities in new markets due to lack of relevant skills; which has been attributed to, among 
others, the reduced attractiveness of construction activities (ECTP, 2005). In this regard, the 
construction industry tends to lag behind other industries in taking advantage of new 
technologies and innovative practices; and hence, compromises improvements in safety, cost-
effectiveness, quality of life, competitiveness, productivity etc. (DfEE, 2000). 
With respect to the uptake of new technologies by the construction industry to improve 
performance; despite the acknowledged high quality results of EU research projects; 
dissemination and adoption of results by the construction industry are however, not overtly 
prominent (Rezugi and Zarli, 2006). This has been attributed to the 'unpreparedness' of the 
workforce (Gurjao, 2006; Leitch, 2005; Harrison, 2005). In this regard, training is anticipated to 
help support organisations' expansions and development due to its association with 'greater 
productivity gains'; implying a 'significant' return on investment (ROI) for employers, as well as 
the gains it can bring to individuals in terms of greater employability in the labour market 
(Harrison, 2005; Finegold and Soskice;  1988). In this context, it is postulated that training can 
help communicate and demonstrate technological solutions/benefits to the construction industry 
stakeholders through the leverage of aligned and relevant skill sets.  
ManuBuild requires the extensive transfer of knowledge and technology to clients, suppliers, and 
small to medium enterprises (SME's); and hence, requires change to the whole business process, 
the organisational structure, roles and responsibilities, information technology, and the creation 
of shared values and skills. Hence, the implementation of effective training is could be to 
strengthen and broaden the impact of ManuBuild to the whole industry by addressing and 
fulfilling the needs of the different stakeholders in the industry. However, 'typical' learning 
models are often criticised for providing general instruction, with the anticipation that the 
prospective employer would be responsible for delivering on-the-job training; i.e. providing 
experience-based training. In this respect, experience-based or 'experiential' learning has the dual 
benefit of appealing to the adult learner's experience base, as well as increasing the potential of 
performance change. In this regard, structured OJT has emerged as a core method of capitalising 
more on the value of experiential learning as a tool to develop new employees more effectively 
through the use of experienced co-workers (Laird, 2003). However, OJT has also been criticised 
for being expensive and somewhat limited in training context (Clarke and Wall, 1998). 
Problem 
ManuBuild Training aims to introduce ManuBuild knowledge, innovative results, and 
technologies to the EU construction industry by using innovative delivery mechanisms. Hence, a 
proactive training approach was adopted to satisfy these challenges, as the introduction of new 
technologies and processes often necessitate the creation of entirely different jobs as well as the 
acquisition of an extensive range of new skills (Buckley and Caple, 2004; Hackett, 1997). Thus, 
drawing on the Chinese proverb "I hear and I forget, I see and I remember, I do and I 
understand"; this reinforces the issue that learning can be more effective through 'doing' rather 
than through 'hearing' or 'watching' (Snee, 1993; Rosenthal, 1995; Koo, 1999; Roussou, 2004; 
Amthor, 1992). Therefore, the ManuBuild training approach incorporated an innovative 
proactive experiential learning approach which links theory with practical experience, using a 
VR interactive learning environment (Alshawi et al., 2007). 
Virtual Reality is argued to have numerous definitions (Bouchlaghem et al., 1996): e.g. ‘a 
computer generated simulation of the real world’, ‘the illusion of participation in a synthetic 
environment rather than external observation of such an environment’, or ‘a computer-
generated simulation of three-dimensional (3D) environment, in which the user is able to both 
view and manipulate the contents of that environment’ etc.  Hence, VR can be considered a 3D 
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interactive computer-generated environment which represents models of real or imaginary 
worlds, and hence, provide an opportunity to view problems through more than one symbolic 
representation for greater understanding (Osberg, 1992).  Thus, from a training perspective, 
using an interactive training simulator can provide means to get the trainee experience the 
training goals (Magerko and Laird, 2002). Hence, an ‘ideal’ interactive training simulator, is 
argued to require a richly defined world, with large amount of actions available to the trainee, 
just as in the real world. Therefore, each time the trainee starts the system, different interactions 
would lead to different experiences, thereby maximising the learning experience. In the same 
context, Agapiou (2006) introduced a simulation game as part of an active learning approach, 
which encompassed role play in a scenario-driven environment. Therefore, the use of a simulator 
approach was seen as an important driver for further enhancing the underlying concepts of the 
subject matter (Spedding, 2003). 
In a construction environment, VR has been employed for analysing issues occurring on the 
construction sites, such as: engineering design, process, logistics concerns, as well as operatives 
training etc. (Blümel et al., 2004; Bargstädt and Blickling, 2005). In this context, VR training 
environments have arguably not yet fully reached the potential of reducing training time, 
providing a greater transfer of expert knowledge; or supporting decision making. This was 
primarily down to the ways in which this technology was augmented. It is therefore argued that 
educational training tools need to ‘engage’ learners by putting them in the role of decision 
makers and ‘pushing’ them through challenges; hence, enabling different ways of learning and 
thinking through frequent interaction and feedback, and connections to the real world context 
(Anderson, 1983; Brandsford et al., 1999; Becta, 2001; Presnky, 2001; Jayakanthan, 2002, Kirk, 
2004; Mitchell and Savill-Smith, 2004; Goulding et al., 2007).  Garris et al. (2002). Furthermore, 
it is postulated that paring instructional content with game features, could engage users more 
fully, hence, help to achieve the desired instructional goals. In this respect, the development team 
applied an input-process-output model (Garris et al., 2002) of instructional games and learning to 
design an instructional program which incorporated certain features or characteristics from 
gaming technology; which trigger a cycle that includes user judgment or reactions, such as 
enjoyment or interest, user behaviour such as greater persistence or time on task, and full learner 
feedback.  
 
 
 
Figure 1: Instructional Game Model Input-Process-Outcome  
(Garris et al., 2002) 
The use of 3D, 4D, and nD simulation is widely known and used in the construction industry. 
However, these have been criticised for simulating the construction processes providing all 
circumstances are optimal; i.e. no external interruptions such as human failures, weather 
conditions, Health and Safety issues exist (Vries et al., 2004). Furthermore, from a construction 
industry perspective, training using VR applications are somewhat rare (Sawhany and Mund, 
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1998; Vries et al., 2004); and limited to one type of recipient e.g. a construction manager, 
planner etc. That being said, the Construction Manager Training Simulator (BMSC) in the 
Netherlands has made a positive inroad into exploitation of this technology (Vries et al., 2004); 
and a similar arrangement has recently been launched in the UK under the project ACT 
(http://www.act-uk.co.uk/). Both these VR training system were designed to ensure that 
(potential) construction managers encountered similar situations and problems usually faced on 
‘real’ construction projects using virtual building sites.  However, whilst these approaches extol 
a number of benefits e.g. “challenging, exiting, and rewarding”; the counter to this is that they 
only really target one beneficiary (construction managers). Furthermore, their environment also 
limits ‘real’ virtual interaction as they depend largely on ‘real’ actor support (which may 
represent a cost burden in addition to the travelling requirements of learners).  
Potential Solution 
Key Requirements 
 ManuBuild training aims to provide a flexible, interactive, safe learning environment for 
practicing new working conditions with respect to offsite production (OSP) in general, and Open 
Building Manufacturing (OBM) in particular; without the do-or-die consequences often faced on 
real construction projects. Hence, a VR interactive learning environment was sought which 
builds upon the multi-disciplinary practice-based training concept (Alshawi et al., 2007). In this 
context, the prototype aimed to enable disparate stakeholders, with different professional 
specialisations, to be exposed to the various aspects of OSP/ManuBuild concepts. This approach 
was adopted in order to help overcome the problem of ‘compartmentation’ of knowledge (Mole, 
2003). Furthermore, the prototype had to be flexible enough to allow any-time-any-place 
learning, so as not to be constrained to a particular place or time for learning to take place. 
Approach 
The main aim of the ManuBuild training approach was to embrace ‘real life’ issues facing OSP 
construction projects in order to appeal to professionals by engaging and challenging them to 
find ‘real life’ solutions to problems often encountered on site. Hence, a real construction project 
was used to govern the authenticity of the learning environment. In this context, the prototype 
learning simulator would allow ‘things to go wrong’, and hence, allow ‘learning through 
experimentation’ or ‘learning by doing’. In this respect, although the ‘scenes’ within the 
simulator take place on a construction site, the target audience is focussed primarily on 
construction professionals e.g. project managers, construction managers, architects, designers, 
commercials, suppliers, manufacturers etc. Thus, the construction site was used as the main 
domain through which all the unforeseen issues and problems (caused through upstream 
decisions, faulty work etc) could be enacted, so that real implications could be better appreciated 
in respect of time, cost, resources etc. The real raison d’être was not to solve OSP problems, but 
rather allow things to ‘go wrong’ and demonstrate the implications of decisions taken. 
Furthermore, learning is reinforced through a debriefing session, where learners are able to 
demonstrate additional understanding, particularly with respect to mitigating such issues in 
future OSP construction projects. In this context, learning occurs through the following: 
• Users have complete autonomy to make all decisions; 
• The environment provides feedback on the decisions taken, and their implications on the 
overall project (cost, time, resources, health and safety, etc); 
• Users are able to defend decisions on the feedback provided, and have the ability to identify 
means to avoid/mitigate potential problems in the future such as: 
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o OSP strategies e.g. Design for Manufacture Logistics and Assembly (DFMLA); 
o Business processes, procurement/contractual arrangements, project management, quality 
assurance etc; 
o Health and Safety procedures; 
o Supply chain integration; 
o New manufacturing technologies, open system, etc. 
 VR Simulator Development Concept 
The main concept of the simulator is based on its ability to run scenarios through a VR 
environment to address predefined training objectives. In this respect, learning is driven by 
problems encountered in this environment, supported by a report critique on learners’ choices, 
rationale, and defence thereof.  In this respect, the development encompassed two phases. Phase 
I embodies the development of the various scenarios, including the generation of reports etc; and 
Phase II, includes the ‘intelligence’ components, including the interrogation of learners regarding 
their understanding, along with the assessment engine – see Figure 2. 
 
 
Figure 2: Simulator Development Phases 
In light of the ManuBuild training aim and objectives, this prototype was designed to satisfy the 
following criteria: 
• That all scenarios and scenes should take place on a virtual construction site; 
• That learners would predominantly play the role of a construction manager; 
• That messages and training objectives would target the different stakeholders involved in a 
construction project. e.g. project managers, designers, architects, consultants, suppliers, 
manufacturers, etc; 
• That OSP/ ManuBuild working practices would be incorporated; 
• That a user-friendly and highly interactive interface would be developed.   
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VR Simulator Development Framework 
The simulator development framework encompasses four main activities: (Identify training 
objectives; Develop scenario(s); Develop the VR environment; and Validation of the prototype – 
see Figure 3. This framework required extensive input from the construction industry in order to 
not only secure relevance, but also help govern authenticity of these stages.  
1
Identify training 
objectives
2
Develop 
scenario(s)
3
Develop the VR 
environment
4
Evaluation
Key personnel
Key documents
Key decisions
Key problems
Key resolutions
Key resources
Case studies
Subject 
matter 
(experts)
Subject matter 
(experts)
VR environment/
 tools
ManuBuild 
Concepts
Subject 
matter 
(experts)
Subject matter 
(experts)
 
Figure 3: VR Environment Development Framework 
Training Objectives 
The main training objectives underpinning the simulator were gathered from a synthesis of 
seminal literature covering the potential risks and threats facing OSP in general, and Open 
Building in particular. The capture of this knowledge was seen as fundamental for learners to 
fully appreciate, as it helps form the basis of appreciating how different stakeholders deal with 
the implications of such problems; and consequently, help learn how these could be mitigated for 
future practice. In this context, the following risks were identified: 
• To encompass late design changes; 
• To embrace issues such as the loss of factory production, or production capacity; 
• To include unpredictable planning decisions and designs that are not suited to OSM; 
• To capture the issues associated with tolerances; 
• To include the potential of suppliers’ failure to deliver on time; 
• To allow for manufacturer bankruptcy.  
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Thus, in order to mitigate these potential OSP problems and risks, an extensive understanding of 
the nature of OSP practices would be needed in order to appreciate ‘why’ those problems and 
risks occur; and hence, appreciate the precise means through which these could be mitigated, i.e. 
‘how’. In this respect, mitigation was deemed to include the following issues: 
• To involve the manufacturer/supplier of manufactured elements at an early stage; 
• To ensure that manufacturers work closely with the design team, architect, client, 
planners, etc; 
• To ensure that effective communication is promoted, especially concerning 
manufacturers in order for them to prepare for peak production periods; 
• To allow for greater standardisation and collaboration between groups, and to allow 
flexibility in the allocation of production slots; 
• To secure early involvement of manufacturers to inspect the site and foundations before 
delivery; 
• To proactively manage the supply chain; 
• To identify long-lead items early; 
• To promote good management practices and processes; 
• To embrace efficient procurement processes to minimise the disruption caused by the 
search for alternative manufacturers. 
Scenario Development 
The scenarios were developed in order to expose learners to new working conditions and issues 
that they were likely to face on real construction projects employing OSP/ManuBuild concepts. 
Therefore, it was deemed important to challenge learners to think about the routes of these 
problems, rather than just reacting to them. This concept was used to provoke learners to think 
‘proactively’ about future OSP projects. In this context, the main scenario was based on 
identifying all possible problems/issues that are traditionally associated with OSP/ManuBuild 
practice. These are colloquially referred to as problem 1, problem 2, etc - see Figure 4. For each 
of these problems, there are a number of possible decisions with associated actions. Depending 
on the action chosen, the programme schedule, along with corresponding costs, time, and 
resources are affected. 
These scenarios are used to simulate how OSP operates in real-life, in order to provoke learners 
to think ‘how’ and ‘why’ things may go wrong; and why consequently OSP may end-up being 
more expensive than the traditional way of working and thinking. As part of the learning process, 
learners are able to identify ‘why’ things went ‘wrong’, and ‘how’ these problems could have 
been avoided. Furthermore, a debriefing session is used to allow thorough interrogation of 
problems and choices selected, whereby learners are able to elaborate on the issues faced during 
the VR session; which helps to distinguish between ‘being immersed’ within the environment 
and the process of critical reflection that takes place outside the VR environment (De Freitas and 
Oliver, 2006). 
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Figure 4: Scenario Implementation Concept 
To run a scenario, various information and data has to be input into the system in order to help 
populate the scenario. This data includes: building structure, site layout, work plan and 
associated possible interruptions/problems, including manufacturing option – see Figure 5. This 
information is sourced from a predefined ‘real’ project. 
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Figure 5: Scenario Information Structure 
VR Learning Environment Use Case 
The scenes generated by the simulator take place on a virtual construction site based on a real 
project. From a use case perspective, it was important to impart knowledge and skills relating to 
OSP/ManuBuild concepts. Drawing on Fowler (2004), since the learning environment targets 
various stakeholders with various professional backgrounds; the following use case was 
developed for the scenario prototype. 
Use Case:  User learns about and experiences OSP/ManuBuild-related 
concepts and working conditions 
Design Scope:    Virtual Reality interactive Learning Environment  
Context of use:    user learns about OSP/ ManuBuild concepts 
Primary Actor:  Construction Manager 
Target Stakeholders: Project Managers    
  Designers    
  Consultants    
  Suppliers    
  Manufacturers, etc. 
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Simulator Requirements 
• Simulate site operations 
• Generate reports 
• Save/reload sessions 
• Run possible ‘scenario directions/alterations’ randomly 
• Interrogate learners knowledge (Phase II) 
• Generate feedback to learner 
Main Scenario 
1. User initiates and saves a session (creating username and password) 
2. User selects a site location (urban – rural - suburban) 
3. System prompts with the total budget and time frame of the project 
4. System simulates site operations (delivery – transportation – assembly) based on decisions/ 
selections made by user 
5. User requests report(s) 
6. System generates report (planned/actual) 
7. System saves report/simulation 
Simulator System Architecture 
The VR learning environment system architecture encompasses three main components in order 
to run the various scenarios virtually; specifically: the content management system, the data 
framework, and the 3D visualisation engine – see Figure 6. The content management system 
encompasses a relational database, which stores all the operational data for the scenarios (i.e. 
scenario content, project data, manufacturer data, equipment data, 3D model etc.). The data 
framework triggers the relevant scenario, 3D model, and schedule (Microsoft Project) associated 
with the user selections. Finally, the 3D visualisation engine uses Visual Basic (VB) and C++ 
programming software; along with a rendering engine based on parallel graphics Cortona VRML 
client - responsible for the interactive visualisation of the digital representation in real time. 
 
Figure 6: ManuBuild Simulator System Architecture 
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Graphical User Interface 
The Graphical User Interface (GUI) was designed to be as simple and straightforward as possible 
with respect to data input.  Hence a virtual PDA was designed as the primary interface for 
learners to input and retrieve information from the simulator. In this respect, prior to running a 
VR session, learners are required to make preliminary selections and decisions, the results of 
which are used to trigger relevant events later on. Learners are then able to commence the 
training session, starting with a ‘walkthrough’ to experience and appreciate the complexity of the 
project. At various points in the scenario, learners are able to interact with the different elements 
of the simulator in order to retrieve further information e.g. technical specifications, videos on 
selected OSP construction systems/details, project data etc. For example, progress on cost, time, 
resources etc - see Table 1 and Figure 7. 
Table 1: VR Environment Initial Selection Screens: 
1 
 
Location Selection: 
Users are required to select the location of 
the project e.g. rural, suburban, or urban. 
 
Learning objectives 
The location of a project has implications 
on access, equipment, storage etc - thereby 
affecting the scenarios triggered. 
2 
 
OSP System Selection: 
Users are requested to select the type of 
system/structure to explore, from a 
repository of stored systems.  
Learning objectives 
Different systems have different 
requirements – some suitable for some 
locations and not for others. 
3 
 
Site Set up and Equipment Selection: 
Users are required to select the site set-up 
arrangements with respect to the equipment 
required. 
Learning objectives 
Logistics solutions are affected by the type 
of equipment and site set-up (in addition to 
equipment constraints). 
4 
 
Launch the VR Simulation Session 
After these initial selections, users are able 
to run the VR simulation to experience how 
the project progresses based on their initial 
selections. 
Different scenarios are triggered to exert 
‘pressure’ on learners to think about options 
and consequences (as these affect the 
overall project cost, time, resources etc).  
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Figure 7:  The VR Simulation Session 
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production and cost data etc. 
Report is generated based on user actions 
Scenarios are triggered 
in a form of e-mails for 
user to reflect on and 
decide on actions. 
Virtual PDA 
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Validation 
The VR simulator was designed, developed, tested and validated with a number of domain 
experts, ranging from industry, through to research communities, and academia, including: 
• Built Environment students (UK) 
• Manufacturers (UK) 
• Academics/Research (Finland, Germany, Netherlands, Canada, Australia) 
• Developers/Industrialists (UK) 
These stages not only helped make the simulator more robust, but also helped secure industrial 
relevance. A synopsis of comments received from these four key stakeholder groups can be seen 
as follows:  
• Built Environment students thought this simulator was “very exciting”, and would help them 
appreciate how things worked in real life (as they currently lacked the opportunity to 
experience real life examples); 
• Manufacturers thought the simulator was an “interesting tool” to interact with; especially as 
they could ‘see’ the implications of their decisions in real time (which would help them to 
‘think’ and reflect on ‘why’ problems occurred, and ‘how’ issues may be mitigated on real 
projects). 
• Academics/Research perceived the simulator as being “useful” for conveying 
ManuBuild/OSP concepts to students/ learners, and noted the potential for further 
development and exploitation; 
• Developers/Industrialists perceived the simulator would help them compare traditional with 
OSP approaches in order to help identify how cashflow was affected (to help make a 
decision with respect to the selection of OSP as opposed to the traditional approach). Whilst 
quantitative tools of this nature were generally readily available, it was noted that these did 
not factor in qualitative issues.  
Key Findings 
ManuBuild training focuses on conveying and delivering ManuBuild/OSP concepts using highly 
innovative and pioneering delivery methods. However, the development of the simulator faced a 
number of challenges at the outset relating to the lack of availability of ‘suitable’ ‘real’ case 
studies addressing Open Building/OSP (along with project data confidentiality). Initial scenario 
development was based on a late window delivery in order to demonstrate potential. This was 
then expanded, through a series of workshops, the results of which can be seen under the 
following two categories of ‘general’ and ‘content’ related comments: 
General Comments:  
• It is useful to have a multi-user environment to gauge different people’s perspective; 
• The VR environment could be widened to include the inception stage, completion, facilities 
management, demolition stages; 
• It is good to be able to select the project. It would be useful to also categorise projects 
according to their complexity/sector i.e. commercial, residential, high rise, industrial etc; 
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• The inclusion of cost implications is welcomed – this gives tangible messages which are 
easy to understand and comprehend as opposed to ‘soft issues’; 
• The use of videos was perceived as being ‘excellent’, and was encouraged to be extended; 
• It would be useful to tailor the generated report to reflect the different stakeholders e.g. a 
client would get a different report to that from a manufacturer, contractor etc; 
• The late window scenario was perceived as being “valid”, especially as these such problems 
do occur in practice; 
• It would be good to incorporate different types of contracts within the simulator, along with 
contract clauses (to appreciate and understand the implications of decisions taken). 
Content-Related Comments: 
• It was important to use the simulator as a high-level tool and not to go into too much detail; 
• That the design/product interface could be an issue if more than one supplier was involved 
in the project; 
• That it would be useful to compare traditional with OSP (cost-benefit-analysis); 
• That the environment could be extended to include planning issues, manufacturer issues, 
designer issues etc; 
• That target parameters for cost, time, and other resources could also be included. 
Whilst it is acknowledged that all the above identified recommendations are valid viewpoints; 
from a developmental perspective, these all have a direct correlation with coding and 
programming time. However, notwithstanding these issues, from an OSP/ManuBuild 
training/education perspective, the developed simulator not only openly addresses its original 
design intent and scope, but has the added flexibility of being able to accommodate a wider 
context than its originally planned. In this respect, further research is likely to focus on these 
issues.  
Key Business Impact 
The scenarios presented in the VR simulator can be used to simulate OSP operations in order to 
demonstrate ‘how’ and ‘why’ things can go wrong; and ‘why’ consequently OSP may end-up 
being more expensive than the traditional way of working and thinking. Hence from a business 
perspective, this tool can help inform the industry to reflect upon their current working practices 
in order to benefit from new methods of construction. Other business benefits include the 
simulator’s capacity and capability to incorporate a ‘pool’ of virtual interactive case studies with 
respect to Open Building Manufacturing/OSP practices. This not only extends the operational 
business remit, but also increases the capability of embracing peripheral issues – thereby 
extending its usefulness and overall functionality. In this respect, future exploitation of the VR 
environment could be extended to include the following four areas: 
• Academia – to demonstrate the impact of experiential learning in cognate and non-cognate 
areas; 
• Training institutions - to reinforce the importance of embedding the simulator into their 
existing training programmes; 
• Industry - use the simulator environment as a VR repository of OSP projects (to reflect on 
lessons learnt); 
• Research - to disseminate research findings to peers in order to prioritise the future research 
agenda.  
Open Building Manufacturing: Key Technologies, Applications, and Industrial Cases 
    169 
Conclusions 
ManuBuild’s vision is to transform the construction industry from being a rather pragmatic and 
predominantly ‘craft/resource-based’ industry, to one which is more ‘knowledge-value-driven’. 
However, this mantra requires the provision of innovative and flexible training approaches to 
deliver this paradigm. Based on a proactive experiential training concept (Alshawi et al., 2007), 
a VR interactive simulator was designed and developed to address these issues. This chapter 
introduced the core concepts and strategies associated with the design and development of the 
VR simulator. In this respect, a VR prototype simulator was discussed as a panacea for providing 
a flexible, interactive, and safe learning environment for practicing new working conditions 
associated with OSP/ManuBuild practices using the incorporation of ‘real-life’ scenarios. These 
scenarios were explained, and the benefits were then discussed in relation to the simulator’s 
enhanced features of being able to provide a unique and highly personalised environment 
tailored to suit a variety of learners’ needs. Finally, the ‘input-process-outcome’ approach 
(Garris et al., 2002) and rubrics adopted throughout the development lifecycle were examined, 
along with the testing, feedback, and validation stages - which in turn, highlighted the key 
business benefits extolled by this simulator, along with future suggestions to set and prioritise the 
future research agenda in this area.  
 
Practical Tips 
? ManuBuild’s vision is the transformation of how business is carried out within the 
construction industry - hence a culture change is needed; 
? Traditional on-the-job learning approaches are not always adequate for skill 
development and transformation; 
? Interactive learning environments have the potential to enable experiential 
learning in a safe and controlled learning environment, with minimal disruption to 
the working environment, as it can facilitate “any time, any place learning”; 
? The provision of real-life scenarios are imperative for the success of the simulator 
(and these are challenging to capture); 
? The need for a business decision making tool for OSP is valid - which requires a 
myriad of parameters to be compared vis-à-vis characteristics/specifications for 
the different OSP systems (and these do not seem to be readily available within 
the construction industry).  
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